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Communal marking sites, or latrines, appear to play an important role in intraspecific 26 
communication and social dynamics in a wide range of mammal species. The spatial distribution 27 
of latrines can provide clues to their function, and has been well documented in a number of 28 
species. Latrine use may vary considerably through time, however, and a more comprehensive 29 
approach to their study that considers spatial and seasonal patterns of use is required to 30 
understand more fully the costs and benefits of latrine use, and hence their adaptive significance. 31 
This study investigated spatial and seasonal patterns of latrine use by spotted hyena (Crocuta 32 
crocuta) in northern Botswana, examining their potential role in resource defense. Latrine 33 
characteristics and hyena activity were monitored to test the influence of season and location 34 
(relative to clan territories and roads) on latrine use. We conducted monthly scat counts (at 78 35 
latrines) and continuously recorded hyena visitation (to 50 latrines) in five clan home ranges, 36 
demonstrating clear seasonal patterns in latrine use. Latrines were smaller in the wet season 37 
(November-March), resulting from fewer visits by hyenas, reduced scat accumulation, and the 38 
seasonal activity of coprophagous beetles. We speculate that such a seasonal pattern may be 39 
driven by reduced competition for food during the wet season. Latrines located within core clan 40 
areas were no larger or more frequently used than those in home-range boundary areas, but 41 
hyenas did preferentially place latrines alongside roads, and were more likely to re-use road-side 42 
latrines in subsequent years. This pattern was not due to observer detection bias, and adds to the 43 
growing body of literature on the impact that roads and other anthropogenic features have on the 44 
communication and movement ecology of wild animals. 45 
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Significance statement 48 
Although most mammals use communal marking sites, very little is known about their function 49 
and detailed patterns of use in many species. We investigated latrine use in spotted hyena 50 
(Crocuta crocuta) and describe spatial and temporal marking patterns that are consistent with 51 
optimizing scent longevity and detection. Spatially, hyenas preferentially located latrines along 52 
the edge of man-made vehicle tracks, which may increase signal detection and transmission. 53 
Seasonal marking patterns suggest that hyenas optimize their communication by concentrating 54 
activity in the dry season, thereby avoiding the disruptive effects of coprophagous dung beetles 55 
and rain, and focusing activity during periods when food resources are expected to be scarcer. 56 
These results demonstrate seasonal and spatial optimization of communication, including in 57 
response to novel anthropogenic features in the environment such as roads, advancing our 58 
understanding of communication strategies in mammals more broadly.   59 
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Scent-marking, where animals actively deposit scents in the environment, is widespread in 60 
mammals (Bradbury and Vehrencamp 1998) and is utilized in territoriality, group identity, 61 
individual recognition, alarm signaling, and reproduction (Johnson 1973; Jordan et al. 2014; 62 
Gilfillan et al. 2017). Because scent signals remain in the environment for prolonged periods, 63 
communication can occur over longer time frames than visual or acoustic signals, and senders 64 
and receivers do not need to be in close proximity for communication to occur (Bradbury and 65 
Vehrencamp 1998). This makes scent an ideal medium for territorial advertisement (Gorman 66 
1984), which may be particularly important where interactions with intruders or neighbors are 67 
associated with high risk of injuries, such as those among territorial carnivores (Gosling 1982; 68 
Packer et al. 1990; Cassidy et al. 2015).  69 
Communal latrines are sites visited by multiple conspecifics that result in accumulations of 70 
scent-marks including feces, urine, and/or glandular secretions (Gorman and Trowbridge 1989). 71 
Several species of social mammals are known to use communal latrines, across a number of 72 
groups (for reviews see e.g., Primates: Irwin et al. 2004; Rodentia: Ferkin 2019; Lagomorphs: 73 
Sneddon 1991; ungulates: Müller-Schwarze 1987; Musteloidea: Buesching and Stankowich 74 
2017; Carnivora: Buesching and Jordan 2021; marsupials: e.g. Rubial et al. 2011; Insectivora: 75 
Poduschka and Wemmer 1986). Communal latrines can function in social bonding, territorial 76 
advertisement by social groups, advertisement relating to mate defense, and potentially inter-77 
specific communication (Jordan et al. 2007; Droscher and Kappeler 2014; Buesching and Jordan 78 
2021; King et al. 2017). In determining the function of latrines, it is important to consider 79 
multiple aspects of scent marking behavior (Buesching and Jordan 2019).  80 
The spatial distribution of communal latrines can reflect their adaptive function. While latrines 81 
placed peripherally may be more intuitively linked to a territorial function, latrines placed 82 
centrally can also function in territoriality, with the optimal spatial pattern of scent-marking 83 
depending on the economic costs of maintaining sites and their likelihood of intercepting 84 
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intruders (Gosling and Roberts 2001). This limits the value of spatial data alone in studying 85 
latrine function, and information from other sources is required to allow a more complete 86 
functional understanding (Buesching and Jordan 2019).  87 
Temporal variability in scent-marking is a potentially important indicator of latrine function, and 88 
has been shown to occur in some species (e.g. European water vole, Arvicola terrestris, 89 
Woodroffe et al. 1990; Swamp rabbit, Sylvilagus aquaticus, Zollner et al. 1996). Temporal 90 
patterns of scent-marking may reflect short-term and seasonal changes in breeding behavior, 91 
seasonal variation in biotic (e.g. food) and abiotic (e.g. weather) environmental conditions, and 92 
longer term changes in population size and demography (Rosell 2001); relating temporal patterns 93 
of latrine use to such external drivers allows a deeper understanding of latrine function.  94 
While broad spatial patterns of latrine placement and temporal patterns of use are well studied in 95 
many species (see Buesching and Jordan 2019), relatively little is known regarding the effects of 96 
anthropogenic structures and landscape features on terrestrial mammal communication, 97 
particularly with regards to scent communication. For example, artificial structures (e.g. 98 
buildings, fences) and landscape features (e.g. roads, boundaries) may funnel movements and 99 
consequently influence scent-marking (e.g. Krofel et al. 2017; Rafiq et al. 2020) and latrine 100 
placement (Barja et al. 2004). Furthermore, in landscapes modified by human activities, 101 
anthropogenic noise may disrupt acoustic communication in a range of species and environments 102 
(reviewed in Brumm 2013). As human populations and influences expand into ever more remote 103 
ecosystems, it is increasingly important to understand the impact of anthropogenic structures and 104 
activities on animal movement and behavior (van Dyck 2012).  105 
In this study, we investigated the effects of spatial and temporal factors on latrine use by a 106 
population of spotted hyenas in the Okavango Delta ecosystem of Botswana, including their 107 
placement in relation to vehicle tracks - semi-permanent anthropogenic modifications in this 108 
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landscape. Spotted hyenas (hereafter referred to as ‘hyenas’) are an ideal study system to 109 
investigate latrine use due to the conspicuous nature of their latrines; hyena feces are 110 
distinctively white in color as a result of high calcium content and thus their latrines are easily 111 
recognizable to human observers. Furthermore, hyenas live in permanent social groups called 112 
clans but exhibit fission-fusion sociality, in which individuals frequently join and depart 113 
subgroups that can forage independently, and thus the reaffirmation of social bonds among clan 114 
members may be particularly important (Kolowski et al. 2007; Smith et al. 2008). Ritualized 115 
‘greeting ceremonies’, in which pairs of individuals engage in mutual ano-genital sniffing, are 116 
thought to serve this purpose and demonstrate the importance of olfactory communication in 117 
hyena society (Kruuk 1972; Glickman et al. 1997; Smith et al. 2011). Olfactory communication 118 
among hyenas also involves the maintenance of communal latrines, a behavior that has 119 
previously been observed for hyenas in different ecosystems (Kruuk 1972; Bearder and Randall 120 
1978). Despite widespread observations of latrine use by hyenas, much of the published 121 
information concerning hyena latrine use comes from anecdotal reports made as part of studies 122 
of other behavioral phenomena (with the exception of Bearder and Randall 1978; Mills and 123 
Gorman 1987).  124 
Studying the spatial and temporal distribution of hyena latrines provides important insights into 125 
hyena social behavior, their interaction with the physical environment, and the potential impact 126 
of human structures on their behavior. In describing hyena latrines, Bearder and Randall (1978) 127 
distinguished between ‘temporary latrines,’ which develop near short-term sites of interest such 128 
as carcasses, and ‘long-term latrines,’ which are usually associated with environmental 129 
landmarks and visited repeatedly over a long period of time. Like many species (e.g. African 130 
wild dogs, Lycaon pictus, Abrahms et al. 2016), hyenas are known to prefer moving along low 131 
resistance routes such as roads rather than through thick bush (Bearder and Randall 1978). This 132 
may explain why hyena latrines in the Serengeti (Kruuk 1972) and Transvaal Lowveld 133 
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ecosystems (Bearder and Randall 1978) have been reported primarily along roads and game 134 
trails: hyenas may preferentially situate latrines on roads in order to facilitate increased 135 
detectability and visitation (c.f. Iberian wolf, Canis lupus signatus, Barja et al. 2004). However, 136 
studies of hyena latrine placement have been largely opportunistic, and since researchers are 137 
disproportionately likely to make observations on roads, the reported preference for the 138 
placement of latrines on roads may be an artefact of sampling bias.   139 
As well as being influenced by the abiotic environment, the distribution of hyena latrines may 140 
reflect social behavior, and in particular intra-specific spacing or territoriality, but the role of 141 
latrines in hyena territoriality has not yet been formally evaluated. The maintenance of 142 
communal latrines is likely important in territorial advertisement by hyena clans, particularly 143 
since there is evidence for individual- and group-specific odors in anal gland secretions (called 144 
‘paste’) that are often deposited at latrines (Burgener et al. 2009; Theis et al. 2012). There are 145 
several possible patterns of latrine placement and temporal use which could result from 146 
territoriality. First, latrines may be preferentially placed along territorial boundaries, to minimize 147 
the risk of costly transgressions and aggressive encounters. Indeed, in certain hyena populations, 148 
clan subgroups were observed frequently visiting latrines located along territorial boundaries to 149 
investigate and deposit scent-marks (as in East African ecosystems: Kruuk 1972; Hofer and East 150 
1993). Alternatively we may expect hyenas to invest more (i.e. through greater numbers of scats, 151 
higher visitation and scat deposition rates) in latrines located inside clan territories (i.e. in 152 
exclusive areas) than in peripheral areas of the home range overlapping with neighboring clans 153 
(Kilshaw et al. 2009). As described, however, spatial patterns alone offer limited insight into 154 
latrine function, as the most economical territorial signaling strategies depend on site-specific 155 
costs of latrine maintenance (e.g. Gorman and Mills 1984).  156 
In multi-purpose territories, resources include mates and food, and it can be difficult to decipher 157 
which resources shape communication strategies. Where access to these various resources are 158 
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not closely tied spatially or temporally, seasonal patterns of latrine use may also provide 159 
important insights into latrine function. For example, latrine use by many species is more likely 160 
during the peak breeding season (e.g. meerkats, water voles, swamp rabbits), and in meerkats 161 
this is also correlated with monthly rates of encounters with intruding males (Jordan et al. 2007). 162 
As spotted hyenas appear to display no clear breeding season across their range (see Holekamp 163 
and Dloniak 2010), or in southern Africa more specifically (Lindeque and Skinner 1982), no 164 
such peaks would be expected, with latrines expected to be visited year-round. In contrast to the 165 
year-round need to defend mates, prey availability varies seasonally, and so therefore may 166 
resource defense strategies. For example, in the Serengeti, the annual migration affects prey 167 
availability, and hyena territorial boundaries break down during this time as a result (Hofer and 168 
East 1993). In our study ecosystem, the Okavango Delta, the commencement of the rainy season 169 
(November to March) coincides with synchronized calving and altered space use for many 170 
herbivores species, which could alter resource distribution among hyena clan territories (Wilson 171 
and Dincer 1976; Owen-Smith and Ogutu 2013). If latrine use is specifically related to the 172 
defense of food resources (as opposed to other resources such as mates), we might expect 173 
reduced activity during the wet season when food is more plentiful. In contrast, if latrine use 174 
reflects mate defense, hyenas should visit and maintain latrines consistently throughout the year. 175 
Indeed, we might even expect an increase in latrine activity during the wet season to compensate 176 
for the likely reduced longevity of signals as a result of rainfall.  177 
Here, we present a systematic investigation of spatial and seasonal patterns in natural latrine use 178 
by a hyena population over five years in the Okavango Delta ecosystem. We observed latrine 179 
characteristics (i.e. number of scats) directly, and used remote camera traps to monitor hyena 180 
activity at latrines, with two objectives. First, we describe latrine spatial distribution, predicting 181 
that Okavango hyenas will exhibit a core marking strategy, as this may be optimal in extensive 182 
home-ranges that are more similar in size (~250km2; Cozzi et al. 2015) to the large (~1000km2) 183 
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ranges of the Kgalagadi desert where hyenas mark the core (Mills and Gorman 1987) than to the 184 
small ranges of boundary-marking (30km2) Ngorongoro crater hyenas (Kruuk 1972). Second, we 185 
predicted that, in common with other species such as the Iberian wolf (Barja et al. 2004), latrines 186 
will be more common along roads than away from roads, reflecting the impact of human activity 187 
on hyena movement and communication. Finally, we sought predictors of temporal change in 188 
latrine use, testing the hypothesis that latrines are seasonally variable. We predicted that if 189 
latrines are involved in mate defense they would be visited throughout the year, due to aseasonal 190 
breeding in southern African hyenas (Lindeque and Skinner 1982). Alternatively, if hyena latrine 191 
function is primarily related to the defense of prey resources, we would expect reduced latrine 192 
use in the wet season, when prey is more abundant due to synchronized calving events (Wilson 193 
and Dincer 1976; Owen-Smith and Ogutu 2013).  194 
 195 
METHODOLOGY 196 
Study site 197 
This study was conducted within the Okavango Delta ecosystem of northern Botswana, 198 
specifically in the south-eastern section of the Moremi Game Reserve and surrounding Wildlife 199 
Management Areas (center of study area: S19.50098, E23.61010). The habitat was characterized 200 
by a heterogeneous mixture of grasslands, acacia scrubland, and mopane woodland (for further 201 
details, see McNutt 1996). Precipitation was highly seasonal, with an annual rainy season 202 
occurring from November to March (Wilson and Dincer 1976). 203 
Data collection 204 
It was not possible to record data blind because our study involved focal animals in the field. 205 
Latrine characteristics 206 
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Latrines were primarily found opportunistically from 2012 - 2016 during daily movements 207 
throughout the study area (approximately 2193 km2) in a vehicle, which was not limited to on-208 
road travel. For this study, a latrine was defined as a site containing at least two distinguishable 209 
piles of feces (i.e. fecal deposits called ‘scats’). For each latrine, the following characteristics 210 
were recorded: date and time of discovery, geographical coordinates, total number of hyena 211 
scats, presence or absence of coprophagous beetles on scats, and whether the latrine was located 212 
road-side or further off-road. Geographical coordinates were recorded using a handheld Garmin 213 
72H unit from the approximate center of each latrine’s expanse. At our study site, ‘roads’ were 214 
established, unsealed vehicle tracks formed in the sand/substrate. The nearest distance of each 215 
latrine to any road was determined using the geographical coordinates of latrines and road tracks 216 
in Garmin MapSource. Latrines were defined as ‘road-side’ if they were within 20 m of such a 217 
road and confirmed by an observer, whereas latrines further than 20 m from the road were 218 
designated as ‘off-road’. ‘Single scats’, defined as a single distinguishable pile of feces that was 219 
not deposited in a communal latrine, were also recorded opportunistically.  220 
Of 194 latrines discovered during the field study, a subset of 78 latrines were checked 221 
approximately monthly (mean ± SD = 29.85 ± 16.21 [range, 0 – 192] days between checks) to 222 
count scats. This subset was selected for analyses as they had at least four records of scat counts 223 
during 2014-2016 and were located within the home range of at least one of the five study clans; 224 
a latrine’s data were included until it was no longer considered to be active (i.e. if there was no 225 
deposition of new scats for three consecutive months after the end of a rainy season). Rainfall 226 
(mm/day) was recorded using a graduated cylinder rain gauge at the field research station (the 227 
approximate center of the study area). 228 
Latrine transects 229 
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To investigate whether hyenas placed latrines preferentially road-side or off-road, we searched 230 
18 transects (12 in October 2014 and six in September 2015) from a vehicle to record latrines 231 
and single scats. Three 5 x 5 km blocks encompassing the center of the study area (i.e. 232 
surrounding the field station) were drawn in Garmin MapSource (version 6.16.3). For each 233 
block, the starting coordinates and a 360º bearing were randomly generated for each of three 234 
road-side and three off-road transects. Each road-side transect commenced at the closest location 235 
on a road to the starting coordinates generated by MapSource. The road was driven in the 236 
direction most similar to the 360º bearing until the vehicle’s odometer reached three kilometers. 237 
At road junctions, the road which followed the bearing more closely was selected. Off-road 238 
transects commenced at the coordinates generated in MapSource, and followed the bearing as 239 
closely as possible (while avoiding scrub impenetrable to the vehicle) until the odometer reached 240 
three kilometers. If the vehicle reached the edge of the 5 x 5 km block before driving three 241 
kilometers during either transect type, the transect was paused and restarted at the same latitude 242 
or longitude along the opposite edge of the block, along the same 360-degree bearing. Care was 243 
taken to drive both types of transect at the same low speed (approximately five kilometers per 244 
hour) to ensure equal likelihood of latrine spotting. The characteristics of all latrines or scats 245 
encountered during transect searches were recorded as outlined above.  246 
Visitation monitoring 247 
To monitor visitation rates by hyenas, one motion-triggered camera trap was placed and 248 
maintained at each of 50 randomly selected latrines throughout 2014 and 2015. Infrared 249 
StealthCam Prowler and StealthCam G30 camera traps (StealthCam LLC, Grand Prairie, TX, 250 
USA) were affixed to poles that were driven into the ground and angled towards the latrine to 251 
capture a five-photo burst or 30 sec video without a scheduled trigger delay (actual recovery 252 
period 5 to 10 sec depending on the camera). While it is possible that the presence of camera-253 
traps may have affected the behavior or visitation of hyenas, this species is frequently captured 254 
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on camera traps (e.g. Rich et al. 2016) and there is no reason to expect that any such effects 255 
would be specific to any spatial designation of latrine or visitation period.  We placed cameras so 256 
that the field of view encompassed as much of the latrine as possible, but we were unable to 257 
monitor the entire expanse of most latrines. If a latrine was located along a road (94% of 258 
monitored latrines), we positioned the camera to capture the greatest number of existing scats as 259 
well as any movement along the road. We recorded the characteristics of the focal latrine at the 260 
start and end of monitoring, and calculated the total recorded monitoring time at each site by 261 
adding the length of time the camera was turned on and facing the experimental site over the 262 
course of the camera’s deployment. We checked cameras every three to five days to ensure that 263 
they were still functioning. If a camera was found to not be recording the site (due to disturbance 264 
by wildlife or an exhausted battery), the monitoring period was calculated up to the time of the 265 
disturbance (if captured on camera) or the end of the last video recorded before the disturbance, 266 
and we reactivated/repositioned the camera (mean number of inactive camera days per site = 267 
1.88 ± 2.30 days, range 0 – 8.04 days). Recording effort may therefore have been 268 
underestimated, as the camera may have continued functioning for an unknown duration 269 
following the last video that was recorded.  270 
We checked photos and videos from each latrine for visits from hyenas, recording the following 271 
information at each visit: date, time, and the identities of all hyenas observed. A ‘visit’ was 272 
defined as a lone hyena or group of hyenas recorded by the camera, with recordings over five 273 
minutes apart designated as separate visits. We identified individual hyenas by comparing their 274 
unique spot patterns to a reference database, within which all photo-identified individuals were 275 
given a unique ID code for subsequent matching of sighted individuals. 276 
Clan assignments and territory classifications 277 
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As part of a larger study (Vitale 2018), we determined clan membership and home-range extents 278 
for the local hyena population. Hyenas were detected opportunistically through direct sightings 279 
or on camera traps placed at sites of interest, and photographed individuals were identified by 280 
their unique spot patterns. The structure of the population was designated using social network 281 
analysis and the Multilevel Community Detection algorithm (Blondel et al. 2008; Wey et al. 282 
2008), which assigned 112 individuals to ‘communities’ (i.e. clans). We then used the spatial 283 
data of assigned clan members (the geographic locations of direct observations and camera trap 284 
sightings of individuals; mean ± SD number of locations per individual used in analysis = 23.9 ± 285 
22.4 locations) to determine clan home ranges and territories. The total area occupied by an 286 
individual or social group is typically called their ‘home range’, which may overlap with those of 287 
other individuals or groups. Within these home ranges, the space utilized exclusively and 288 
defended by an individual or group is designated as their ‘territory’ (Gosling and Roberts 2001). 289 
We collated the geographic locations of assigned clan members during 2014-2015 and used 290 
kernel techniques to estimate each clan’s utilization distribution (i.e. the probability distribution 291 
of the area used by the group; Worton 1989). Each clan’s home range was defined at the 95% 292 
kernel contour, and the clan territory was estimated at the 50% kernel (see Electronic 293 
Supplementary Material for further information on the social network and spatial analyses). The 294 
coordinates of all latrines were then overlaid onto the clan territory and home range map to 295 
classify each latrine as occurring either within a clan’s territory or an area of home range 296 
overlap. We classified latrines into two home-range zones rather than finer scale incremental 297 
isopleths due to sample size limitations, and the problem that many latrines fell within multiple 298 
isopleths within overlapping ranges in this contiguous population. Nevertheless, by utilizing the 299 
territory/overlap dichotomy, our approach is consistent with existing multi-group studies in the 300 
literature (e.g. Stewart et al. 2001; Jordan et al. 2007). 301 
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As initial territory and home range estimates were generated from the same observations which 302 
were used to produce estimates of visitation rates, a lack of independence meant that we were 303 
unable to test for an association between latrine location and visitation rate using these data. 304 
Hence, to ensure statistical independence in this particular analysis, we recalculated clan home 305 
ranges and territories from a separate dataset that excluded sightings from monitored latrines, 306 
and used these to re-assign the location designations for the monitored latrines. 307 
Statistical analyses 308 
We performed analyses using R (version 3.3.3 and 3.6.1; R Core Team 2019). To investigate 309 
whether hyenas placed latrines and single scats preferentially road-side or off-road, we 310 
performed Mann-Whitney U tests on the number of latrines (and single scats) encountered 311 
during transect searches. To investigate whether there was any difference in the likelihood of 312 
finding latrines and single scats among the three transect blocks, we used Kruskal-Wallis tests 313 
using the number of latrines and single scats encountered. To determine whether hyenas were 314 
more likely to re-use latrines in subsequent years if they were located road-side or off-road, we 315 
performed a chi-squared test of independence using data from latrines that were checked during 316 
at least two years. 317 
To evaluate the factors affecting latrine size (i.e. number of scats present), a generalized linear 318 
mixed-effect model (GLMM) with Poisson distribution was fitted to data collected during 319 
monthly latrine monitoring surveys. Terms included in the model set were days since rain (i.e. 320 
since the onset of the current rainy season), home-range zone (Core/Territory = within 50% 321 
Kernel Utility Distribution [KUD], Overlap = beyond 50% KUD and within 95% KUD), year 322 
and the interaction term days since rain x home-range zone. A GLMM with binomial distribution 323 
was used to investigate the factors affecting the presence or absence of coprophagous beetles, 324 
which feed on hyena scats. Terms included in the global model were days since rain, year, scat 325 
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count and the interaction term days since rain x scat count.  For both GLMMs, data were 326 
collected in 2014 and 2015 during 1128 visits to 78 unique latrine sites, and latrine identity was 327 
included as a random effect to control for repeated measures. 328 
Fifty latrines were monitored over 30 days using motion-triggered cameras. The number of scats 329 
was recorded at the start and end of this monitoring period, in order to calculate a scat deposition 330 
rate for each latrine. The visitation rate was calculated by dividing the number of hyena visits 331 
recorded on the camera by the total amount of time that the camera was actively recording the 332 
latrine. Two General Linear Model sets (GLMs) with Gaussian distribution were used to 333 
investigate latrine visitation rates (visits per day), and latrine growth rates (average daily increase 334 
or decrease in scats over the monitoring period) respectively. Both models included season 335 
(Wet=Nov-Mar, Dry=Apr-Oct) and home-range zone (Core/Territory, Overlap), and their two-336 
way interaction, as fixed effects. In addition, the latrine growth rate model included the term 337 
visitation (hyenas/day) and all two-way interactions. 338 
All GLMs and GLMMs were fitted using the lme4 package (Bates et al. 2016). Continuous 339 
variables were scales and centered. In each case, candidate models were created from the 340 
saturated global model using the ‘dredge’ function in the MuMIn package (Barton 2019). As the 341 
Akaike weight of the best model in all model sets above was less than 0.9 and several models 342 
had AICs within seven units of the best model (Burnham et al. 2011; Grueber et al. 2011), we 343 
conducted model averaging using the MuMIn package (Barton 2019). We selected the top 344 
models whose cumulative AIC weights were more than 0.95 to construct model-averaged 345 
estimates of the parameters (Burnham et al. 2011). Model diagnostics were performed by 346 
inspection using the DHARMa package (Hartig 2019), which uses a simulation-based approach 347 





Between 2012 – 2016, 194 latrines and 272 additional single scats were found in the study area. 351 
Hyenas were observed depositing feces, urine, interdigital secretions (by scraping the ground 352 
with forepaws; cf. Tilson and Henschel 1986; East et al. 1989), and anal gland secretions at 353 
latrines. Cumulative rainfall per wet season, which runs from approximately November through 354 
March, was as follows: 708.5 mm during 2013-2014, 428.2 mm during 2014-2015, and 446.6 355 
mm during 2015-2016. 356 
Latrine placement 357 
Latrines were distributed throughout the study area and located within at least five known clan 358 
home ranges. Approximately 77% of 184 latrines and 37 % of 246 single scats were located 359 
along a road. We searched 18 transects during October 2014 (two blocks of six transects each) 360 
and September 2015 (one block of six transects) to investigate whether hyenas preferentially 361 
place latrines and scats road-side or off-road (Table 1). Latrines were located significantly more 362 
often road-side than off-road (Mann-Whitney U = 16, n = 18, p = 0.015), and there was no 363 
significant difference in latrine frequency among the three transect blocks (Kruskal-Wallis χ2 = 364 
2.77, df = 2, p = 0.25). In contrast to latrines, there was no significant difference in the likelihood 365 
of single scats being found during road-side or off-road transects (Mann-Whitney U = 49.5, n = 366 
18, p = 0.36), and no significant difference among transect blocks (Kruskal-Wallis χ2 = 1.42, df = 367 
2, p = 0.49). 368 
One hundred and thirty-eight latrines (71.1% of all latrines discovered) were monitored in two 369 
study years during 2014-2016, and 63 latrines (32.5% of all latrines discovered) were monitored 370 
in all three study years. Ninety-six (69.6%) of the 138 latrines monitored in two years were used 371 
by hyenas in both years, and 49 (77.78%) of the 63 latrines monitored in all three study years 372 
were active in all three years. Hyenas were significantly more likely to reuse latrines in 373 
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subsequent years if the latrines were located road-side rather than off-road (χ² = 18.80, df = 1, p < 374 
0.001). 375 
Latrine size 376 
After initial discovery, latrines were revisited repeatedly from 2014-2016 to record the number 377 
of scats present, resulting in 1128 records from the 78 latrines used in this analysis. Scat 378 
accumulation exhibited a seasonal pattern in which the mean number of scats per latrine 379 
decreased after the annual onset of rain (Fig. 1). 380 
After controlling for a significant effect of year (more scats were found in 2015 compared to 381 
2014), the number of days since first rainfall was significantly related to the size of latrines 382 
(Table 2). The mean number of scats per latrine decreased soon after the onset of the rainy 383 
season, and increased after the end of the rainy season, with the last rainfall occurring 189 and 384 
160 days after the start of rainfall during 2014 and 2015, respectively (Fig. 2). There was no 385 
clear effect of the location of the latrine within clan territories (Table 2, Fig. 2).  386 
The presence or absence of coprophagous beetles (Trogidae spp.) on hyena scats was 387 
significantly predicted by the number of days since first rainfall (Table 3). Beetles were more 388 
likely to be present on hyena scats during or immediately following the onset of the rainy season. 389 
Latrine visitation and scat deposition by hyenas 390 
Fifty latrines were monitored using camera traps, each over a period of approximately 30 days, 391 
to evaluate the rate of visitation by hyenas and the change in the number of scats over time (i.e. 392 
scat deposition rate). Latrines were actively recorded by cameras (i.e. turned on and facing 393 
latrine) for 17.63 to 36.90 days (mean ± SD = 28.43 ± 3.49 days). Out of the 34 latrines for 394 
which at least 50 % of visiting hyenas could be photo-identified, 19 latrines (55.9 %) were 395 
visited by more than one clan during the monitoring period, with a maximum of four known 396 
clans visiting a given latrine. 397 
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Latrine visitation rates by hyenas ranged from 0.033 to 0.936 visits per day (mean ± SD = 0.335 398 
± 0.225 visits/day), which is equivalent to one visit every 1.07 to 30.03 days (average ± SD = 5.4 399 
± 5.37 days). The monitored latrines were visited by a maximum of seven hyenas per visit (mode 400 
= 1, median = 1). Season was the strongest predictor of latrine visitation rate, with visitation rates 401 
being lower in the wet season (Table 4, Fig. 3). 402 
The growth of latrines - or mean daily change in the number of scats present (a proxy for scat 403 
deposition rate) - was analyzed for 49 of the 50 monitored latrines, as one latrine did not have 404 
scat count data on the exact start and end dates of monitoring. Visitation rate had a strong 405 
positive effect on latrine growth, with more visits increasing the number of scats at the site, while 406 
latrines tended to decrease in size during monitoring periods undertaken in the wet season (Table 407 
5, Fig. 3).  408 
 409 
DISCUSSION 410 
This study is the first to systematically and simultaneously investigate the effects of social and 411 
environmental factors on latrine use by spotted hyenas. Latrines were used extensively by hyenas 412 
within this ecosystem, and the patterns observed in this study indicate a seasonal scent-marking 413 
strategy. Multiple factors contributed to reduced latrine size in the rainy season, but this may be 414 
driven by reduced inter-clan competition for prey during this period. In common with other 415 
species, human-made tracks/roads also influenced hyena latrine use. Overall, this study enhances 416 
our understanding of latrine use, especially the need to consider seasonal driver and 417 
anthropogenic influences on animal communication networks.   418 
Maximizing the likelihood of detection likely drives scent-mark placement in many species. 419 
Indeed, previous work on spotted hyenas has shown that the marking strategy that a population 420 
adopts is related to the economics of latrine maintenance, which in turn depends on home-range 421 
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size (Gorman and Mills 1984; Mills and Gorman 1987). In the Serengeti ecosystem, where clan 422 
home ranges are very small (~30 km2), hyenas situate most latrines in the border regions (Kruuk 423 
1972). By contrast, the enormous home ranges that hyenas occupy in the southern Kalahari 424 
(1381-1840 km2) necessitate a different strategy: there, latrines were concentrated along the dry 425 
riverbed in the home-range core (Gorman and Mills 1984). Our Okavango study population has 426 
home range sizes intermediate to these two systems (176.70 to 408.62 km2; Vitale 2018), and we 427 
observed the adoption of an intermediate marking strategy, whereby latrines were located 428 
throughout the clan’s range, with latrines in the core and the overlap zones of the home-range 429 
apparently visited and maintained at similar rates. Such optimal distribution of scent-marks is 430 
probably widespread, and has already been shown to occur in a variety of other species including 431 
klipspringer (Oreotragus oreotragus, Roberts and Lowen 1997) and Iberian wolf (Barja et al. 432 
2004). 433 
At finer spatial scales, hyena latrine use was also consistent with our prediction of an economical 434 
marking strategy. Specifically, we found that latrines in this ecosystem were frequently located 435 
along human-made unsealed roads, which is consistent with other species in this environment 436 
(leopard, Panthera pardus, Rafiq et al. 2020), and elsewhere (e.g. Iberian wolf, Barja et al. 437 
2004). Road-side latrines were significantly more likely than off-road latrines to be maintained in 438 
consecutive years, and transect searches showed that latrines were significantly more likely to be 439 
located (by humans) if they were at the road-side as opposed to further off-road. Efficient scent-440 
marking behavior requires the maximization of the likelihood that conspecifics will encounter 441 
deposited scents (Mills and Gorman 1987), and thus placing latrines along frequently-used routes 442 
serves as an economical marking strategy. Hyenas are known to prefer traveling along roads 443 
rather than moving through thick vegetation (Bearder and Randall 1978), and hyenas that move 444 
long distances outside regular territories, such as the ‘commuting’ population of the Serengeti 445 
(Hofer and East 1993), may also preferentially place latrines on roads (Kruuk 1972), though it is 446 
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not possible to control for detection bias by observers in that case. As we made multiple 447 
observations of individuals outside their clan territories (Vitale 2018), it is possible that hyenas 448 
within the Okavango ecosystem display a similar pattern. In any case, given the significant 449 
influence of roads on latrine placement and re-use by hyenas, the creation of roads by humans 450 
appears to influence hyena scent-marking behavior. Furthermore, since scent-marking at latrines 451 
appears to serve an important role in hyena movement and resource defense by clans, there are 452 
potential conservation implications for human road use patterns in habitats which support hyena 453 
populations. Communal marking sites used by other species, particularly frequently-used sites, 454 
have also been found to be located along human-made trails and roads (e.g. brown bear Ursus 455 
arctos horribilis rubbing trees, McTavish and Gibeau 2010). Thus, road creation may not only 456 
influence animal patterns and space use (reviewed by Trombulak and Frissell 2000), but may 457 
also impact animal communication systems (Krofel et al. 2017; Rafiq et al. 2020). In this context 458 
however, it worth considering the possible origin of road-related marking behavior in this and 459 
other species. The reasons why animals may choose to mark along roads - ease of locomotion 460 
and likelihood of detection - also apply to natural animal trails, such as elephant pathways. While 461 
we do not currently have data to support or refute this suggestion, it is conceivable that road-462 
based marking patterns reflect potential natural preferences to utilize these natural highways. 463 
This, and the potential that many vehicle tracks and roads may also be established along such 464 
natural trails in the first place, would be fruitful areas of future study. 465 
We also observed an annual cycle of hyena latrine use in relation to seasonal rainfall in which 466 
scats largely disappeared from known latrine sites during the rainy season and accumulated 467 
throughout the dry season. Within the Okavango ecosystem, the rapid disappearance of latrines 468 
during the rainy season was likely in part a result of the degradation of scats by heavy rainfall. 469 
Although there is no direct evidence of this from hyenas, rainfall appears to degrade (i.e. wash 470 
away) scent-marks from other species, such as giant pandas (Ailuropoda melanoleuca, Nie et al. 471 
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2012) and river otters (Lontra canadensis, Torgerson 2014), and there is no reason to expect 472 
hyena feces to be any more rain-resilient. Seasonal consumption of scats by coprophagous 473 
beetles may also play a role in reduced scat numbers at latrines. Indeed, dung beetles consumed 474 
hyena scats within three days during the rainy season in South Africa (Bearder and Randall 475 
1978), and previous investigation of beetle fauna at hyena latrines found that soft and/or fresh 476 
hyena scats were more attractive to scarab beetles (Krell et al. 2003). Furthermore, some scent-477 
mark types may persist longer than scats in rainy conditions. Paste in particular contains 478 
substantial amounts of fatty acids (Burgener et al. 2009) which are likely to improve its 479 
persistence through rainfall. Therefore, while it is possible that the observed decrease in 480 
visitation rates by hyenas during the rainy season was related to the reduction in signaling benefit 481 
resulting from rainfall and coprophagous beetles, if territorial communication had remained 482 
important during the rainy season, more resilient scent-marks such as paste could be utilized for 483 
this purpose. However, as we found that latrine visitation – not just scat counts – was lower 484 
during the rainy season, it is likely that territoriality is reduced among clans at this time.  485 
Since scent-marking can function in mate defense and reproductive behavior, seasonal changes 486 
in latrine use could be linked to a species’ breeding season, as observed in meerkats (Jordan et al. 487 
2007) and genets (Genetta genetta, Barrientos 2006). Unlike those species, however, hyenas 488 
breed throughout the year (Lindeque and Skinner 1982; Holekamp et al. 1999), and so mate 489 
defense or reproductive behavior more broadly are unlikely to account for the observed seasonal 490 
differences in latrine use. Interestingly, neither of the two previous studies focusing on hyena 491 
latrine behavior reported differences in latrine size between wet and dry seasons: seasonal effects 492 
were not mentioned in the Kalahari study (Mills and Gorman 1987), whereas Bearder and 493 
Randall (1978) concluded that there was no significant difference in latrine size between seasons 494 
in the Transvaal Lowveld of South Africa, and as these populations are also aseasonal breeders 495 
(Lindeque and Skinner 1982) seasonal effects in marking are not related to mate-defense.  496 
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Hyenas alter their space use patterns with shifts in seasonal abundance of prey in ecosystems 497 
such as the Serengeti (Kruuk 1972; Hofer and East 1993) and Etosha National Parks (Trinkel et 498 
al. 2004). Calling station surveys (Cozzi et al. 2013) and a comprehensive camera-trap survey 499 
concurrent with our study (Rich et al. 2016) found no seasonal difference in densities or 500 
occupancy probabilities respectively. As prey abundance in the Okavango Delta is likely to be 501 
greater in the rainy season as synchronized calving and a consequent population boom in many 502 
African herbivore species (Owen-Smith and Ogutu 2013), it is possible that this reduction in 503 
scent-signalling at latrines during this period results from reduced competition for food resources 504 
during this period. Indeed, although data on such effects are rare, some species (e.g. greater hog 505 
badgers, Arctonyx collaris, Zhou et al. 2015a, b; European badger, Meles meles, Pigozzi 1990) 506 
have been shown to scent-mark most when resources are either less abundant or more 507 
energetically expensive to acquire. Zhou and colleagues (2015a, b) attribute this result to the 508 
scarce factor paradox (Valavanis-Vail 1954), where latrine use was inversely related to food 509 
abundance (e.g. Lynn 1991). Additionally, unlike in the dry season when the distribution of 510 
several large herbivore species appears to be concentrated near permanent water sources (Rich et 511 
al. 2017), rain-filled pans and puddles throughout the landscape result in a more even distribution 512 
of water and prey species during the rainy season (Rich et al. 2017). We suggest that it is likely 513 
that the increased availability and more even spatial distribution of water and prey during the 514 
rainy season may result in relaxation in territorial behavior among clans during this period. 515 
Regardless of season, and in contrast to our predictions, hyenas did not preferentially maintain 516 
latrines located within exclusive clan territories. Latrines within territories contained a similar 517 
number of scats to those in areas of home-range overlap, and visitation and scat deposition rates 518 
by hyenas were similar across the two latrine types. Rather than indicating a lack of territoriality, 519 
we suggest that this pattern could result from different individuals visiting latrines in different 520 
home-range zones. While many resident clan members may visit and contribute to latrines in 521 
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territory cores, latrines in the overlap zone may be visited by hyenas from multiple clans, 522 
resulting in similar overall visitation and deposition rates in the two zones, even if each clan 523 
deposits more in its own core. Furthermore, the apparent transient nature of many individuals 524 
observed within the study population (Vitale 2018) supports the possibility that many hyenas 525 
encountering these latrines were territorial intruders.  526 
It is theoretically possible that sampling bias may explain the observed seasonal patterns of 527 
latrine use, as most of the monitored latrines were located alongside roads, and it is conceivable 528 
that hyenas utilized roads less often during the rainy season. However, there is no evidence for 529 
seasonality in road use: the occupancy probabilities for hyenas calculated from a concurrent 530 
camera survey (in which all cameras were placed along roads) did not differ between seasons 531 
(Rich et al. 2016). Indeed, sympatric African wild dogs actually increased their road-use during 532 
the rainy season, as roads represent efficient paths through seasonally dense vegetation 533 
(Abrahms et al. 2015). 534 
Finally, given the concentration of latrines along roads, our results also suggest that latrine 535 
surveys along roads may be developed as a cost-effective non-invasive technique for population 536 
monitoring, especially when long-term observational studies and/or individual identification of 537 
individuals are not feasible. Latrine use has been evaluated as a method for estimating population 538 
abundance in several species such as European badgers (Tuyttens et al. 2001), water voles 539 
(Woodroffe et al. 1990), and river otters (Mowry et al. 2011). For example, the size of a river 540 
otter population in Missouri, USA, was best predicted by the number of scats per latrine and 541 
latrine density within the study area (Mowry et al. 2011). However, previous studies urge caution 542 
when interpreting latrine data for this purpose and suggest further research to validate methods 543 
across populations, habitats, and various temporal scales (Tuyttens et al. 2001; Gallant et al. 544 
2007). Our results showed that environmental factors such as season and the spatial distribution 545 
of roads should also be taken into consideration when evaluating latrine use in hyenas. 546 
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In conclusion, this study enhances our understanding of latrine use by hyenas, suggesting that 547 
seasonal patterns of scent-marking behavior may be linked to seasonal fluctuations in prey 548 
availability. Furthermore, our findings have implications for wildlife conservation and 549 
management given the observed influence of human-made roads on hyena scent-marking 550 
behavior and the potential for latrine studies to be used as a non-invasive population monitoring 551 
tool.  552 
 553 
Data availability 554 
The datasets generated and/or analyzed during the current study are available from the 555 
corresponding author on reasonable request. 556 
 557 
Acknowledgments 558 
We would like to thank the Botswana Ministry of Environment, Wildlife, and Tourism and the 559 
Sankuyo Tshwaragano Community Trust for permission to conduct this work under research 560 
permit EWT 8/36/4 XXV (15). We would also like to thank all of the BPCT research assistants 561 
that recorded latrine data, and the reviewers and editor for their thorough and constructive 562 
reviews which greatly improved the manuscript. 563 
 564 
Ethical statement 565 
Funding: The fieldwork greatly benefitted from the significant support of the Botswana Predator 566 
Conservation Trust (BPCT) and the numerous private donors who support the organization. This 567 
study was also funded by the following organizations: Cleveland Metroparks Zoo and Cleveland 568 
Zoological Society Africa Seed Grant, National Geographic Conservation Trust (#C270-14), 569 
26 
 
Roger Williams Park Zoo Sophie Danforth Conservation Biology Fund, Toronto Zoo 570 
Endangered Species Reserve Fund, Wilderness Wildlife Trust, and the University of 571 
Nottingham. 572 
Conflict of interest: The authors declare no conflicts of interest. 573 
Ethical approval: This research was conducted under research permit EWT 8/36/4 XXV (15) 574 
issued by the Botswana Ministry of Environment, Wildlife, and Tourism, and with ethical 575 
approval from the University of Nottingham School of Life Sciences without requiring formal 576 
review by the ethics committee due to the observational and non-invasive nature of the study. 577 
Guidelines for the use of animals in ethological research, as outlined in Sherwin et al 2003, were 578 
followed throughout this study. 579 
 580 
REFERENCES 581 
Abrahms B, Jordan NR, Golabek KA, McNutt JW, Wilson AM, Brashares JS (2015) Lessons 582 
from integrating behavior and resource selection: activity-specific responses of African wild 583 
dogs to roads. Anim Conserv 19:247-255 584 
Barja I, de Miguel FJ, Bárcena F (2004) The importance of crossroads in faecal marking 585 
behaviour of the wolves (Canis lupus). Naturwissenschaften 91:489-492 586 
Barrientos R (2006) Year-round defecation pattern in wild genets (Genetta genetta L.) in a 587 
mountain forest (Toledo, Central Spain). Pol J Ecol 54:325-328  588 
Barton K (2019) MuMIn: Multi-Model Inference. R package version 1.43.10, https://CRAN.R-589 
project.org/package=MuMIn  590 
27 
 
Bates D, Maechler M, Bolker B, Walker S, Christensen RHB, Singmann, H, Dai B, Scheipl F, 591 
Grothendieck G, Green P (2016) Package 'lme4': Linear mixed-effects models using 'Eigen' and 592 
S4 (Version 1.1-12), http://lme4.r-forge.r-project.org/  593 
Bearder SK, Randall RM (1978) The use of fecal marking sites by spotted hyenas and civets. 594 
Carnivore 1:32-48  595 
Blondel VD, Guillaume J, Lambiotte R, Lefebvre E (2008) Fast unfolding of communities in 596 
large networks. J Stat Mech 10:P10008 597 
Bradbury JW, Vehrencamp SL (1998) Principles of Animal Communication, 2nd edn. Sinauer 598 
Associates, Sunderland, MA 599 
Brumm H (2013) Animal communication and noise, vol. 2. Springer, Berlin 600 
Buesching CD, Jordan N (2019) The social function of latrines: A hypothesis-driven research 601 
approach. In: Buesching CD (ed) Chemical Signals in Vertebrates 14. Springer, Champagne, pp 602 
94-103  603 
Buesching CD, Jordan NR (2021) The function of small carnivore latrines: case studies and a 604 
research framework for hypothesis-testing. In: San EDL, Sato JJ, Belant JL, Somers MJ (eds) 605 
Small Carnivores: Evolution, Ecology, Behaviour and Conservation. Wiley, Chichester. 606 
Buesching CD, Stankowich T (2017) Communication amongst the musteloids: signs, signals, 607 
and cues. In: Macdonald DW, Newman C, Harrington LA (eds) Biology and conservation of 608 
wild musteloids. Oxford University Press, Oxford, pp 158-177 609 
Burgener N, Dehnhard M, Hofer H, East ML (2009) Does anal gland scent signal identity in the 610 
spotted hyena? Anim Behav 77:707-715 611 
28 
 
Burnham KP, Anderson DR, Huyvaert KP (2011) AIC model selection and multimodel inference 612 
in behavioral ecology: some background, observations, and comparisons. Behav Ecol Sociobiol 613 
65:23–35  614 
Cassidy KA, MacNulty DR, Stahler DR, Smith DW, Mech LD (2015) Group composition 615 
effects on aggressive interpack interactions of gray wolves in Yellowstone National Park. Behav 616 
Ecol 26:1352-1360 617 
Cozzi G, Börger L, Hutter P, Abegg D, Beran C, McNutt JW, Ozgul A (2015) Effects of trophy 618 
hunting leftovers on the ranging behaviour of large carnivores: A case study on spotted hyenas. 619 
PLoS ONE 10:e0121471 620 
Cozzi G, Broekhuis F, McNutt JW, Schmid B (2013) Density and habitat use of lions and 621 
spotted hyenas in northern Botswana and the influence of survey and ecological variables on 622 
call-in survey estimation. Biodivers Conserv 22:2937-2956 623 
Droscher I, Kappeler PM (2014) Maintenance of familiarity and social bonding via communal 624 
latrine use in a solitary primate (Lepilemur leucopus). Behav Ecol Sociobiol 68:2043-2058 625 
East M, Hofer H, Turk A (1989) Functions of birth dens in spotted hyenas (Crocuta crocuta). J 626 
Zool 219:690-697 627 
Ferkin MH (2019) Perspectives on chemical signals conveying information in rodents. In: 628 
Buesching CD (ed) Chemical Signals in Vertebrates 14. Springer, Champagne, pp 3-12 629 
Gallant D, Vasseur L, Berube CH (2007) Unveiling the limitations of scat surveys to monitor 630 
social species: a case study on river otters. J Wildlife Manage 71:258-265 631 
Gilfillan GD, Vitale JDT, McNutt JW, McComb K (2017) Spontaneous discrimination of urine 632 
odors in wild African lions (Panthera leo). Anim Behav 126:177-185 633 
29 
 
Glickman S, Zabel C, Yoerg S, Meldele M, Drea CM, Frank LG (1997) Social facilitation, 634 
affiliation, and dominance in the social life of spotted hyenas. Ann NY Acad Sci 807:175-184 635 
Gorman ML (1984) Scent marking and territoriality. Acta Zool Fenn 171:49-53  636 
Gorman ML, Mills MGL (1984) Scent marking strategies in hyenas (Mammalia). J Zool 637 
202:535-547 638 
Gorman ML, Trowbridge BJ (1989) The role of odor in the social lives of carnivores. In: 639 
Gittleman JL (ed) Carnivore Behaviour, Ecology, and Evolution. Cornell University Press, 640 
Ithaca, NY, pp 57-88 641 
Gosling LM (1982) A reassessment of the function of scent marking in territories. Z Tierpsychol 642 
60:89-118  643 
Gosling LM, Roberts SC (2001) Testing ideas about the function of scent marks in territories 644 
from spatial patterns. Anim Behav 62:F7-F10 645 
Grueber CE, Nakagawa S, Laws RJ, Jamieson IG (2011) Multimodel inferences in ecology and 646 
evolution: challenges and solutions. J Evol Biol 24:699–711 647 
Hartig F (2019) DHARMa: Residual diagnostics for hierarchical (multi-level / mixed) regression 648 
models. R package version 0.2.6, https://CRAN.R-project.org/package=DHARMa 649 
Hofer H, East ML (1993) The commuting system of Serengeti spotted hyenas: how a predator 650 
copes with migratory prey. I. social organization. Anim Behav 46:547-557 651 
Holekamp KE, Dloniak SM (2010) Intraspecific variation in the behavioral ecology of a tropical 652 
carnivore, the spotted hyena. Adv Stud Behav 42:189-229  653 
30 
 
Holekamp KE, Szykman M, Boydston EE, Smale L (1999) Association of seasonal reproductive 654 
patterns with changing food availability in an equatorial carnivore, the spotted hyena (Crocuta 655 
crocuta). J Reprod Fertil 116:87-93 656 
Irwin MT, Samonds KE, Raharison J-L, Wright PC (2004) Lemur latrines: observations of 657 
latrine behavior in wild primates and possible ecological significance. J Mammal 85:420-427 658 
Johnson RP (1973) Scent marking in mammals. Anim Behav 21:521-535 659 
Jordan NR, Apps PJ, Golabek KA, McNutt JW (2014) Top marks from top dogs: tandem 660 
marking and pair bond advertisement in African wild dogs. Anim Behav 88:211-217 661 
Jordan NR, Cherry M, Manser M (2007) Latrine distribution and patterns of use by wild 662 
meerkats: implications for territory and mate defense. Anim Behav 73:613-622 663 
Kilshaw K, Newman C, Buesching C, Bunyan J, Macdonald D (2009) Coordinated latrine use by 664 
European badgers, Meles meles: potential consequences for territory defense. J Mammal 665 
90:1188-1198  666 
King TW, Salom-Pérez R, Shipley LA, Quigley HB, Thornton DH (2017) Ocelot latrines: 667 
communication centers for Neotropical mammals. J Mammal 98:106-113 668 
Kolowski JM, Katan D, Theis KR, Holekamp KE (2007) Daily patterns of activity in the spotted 669 
hyena. J Mammal 88:1017-1028 670 
Krell FT, Korb J, Walter P (2003) The beetle fauna of hyena latrines: ceorocenoses consisting of 671 
necrophagous beetles (Coleoptera Trogidae Scarabaeidae). Trop Zool 16:145-152 672 
Krofel M, Hočevar L, Allen ML (2017) Does human infrastructure shape scent marking in a 673 
solitary felid? Mammal Biol 87:36-39 674 
31 
 
Kruuk H (1972) The spotted hyena: a study of predation and social behavior. University of 675 
Chicago Press, Chicago 676 
Lindeque M, Skinner JD (1982) A seasonal breeding in the spotted hyaena (Crocuta crocuta, 677 
Erxleben), in southern Africa. Afr J Ecol 20:271-278 678 
Lynn M (1991) Scarcity effects on value: A quantitative review of the commodity theory 679 
literature. Psychol Market 8:43–57 680 
McNutt JW (1996) Sex-biased dispersal in African wild dogs, Lycaon pictus. Anim Behav 681 
52:1067-1077 682 
McTavish C, Gibeau ML (2010) How animals send 'Tree Mail': Remote imaging reveals forest 683 
communication. Wildl Prof Summer 2010:66-68 684 
Mills MGL, Gorman ML (1987) The scent-marking behavior of the spotted hyena Crocuta 685 
crocuta in the southern Kalahari. J Zool 212:483-497 686 
Mowry RA, Gompper ME, Beringer J, Eggert LS (2011) River otter population size estimation 687 
using noninvasive latrine surveys. J Wildlife Manage 75:1625-1636 688 
Müller-Schwarze D (1987) Evolution of cervid olfactory communication. In: Wemmer CM (ed) 689 
Biology and management of the Cervidae. Smith Inst Press, Washington DC,  pp 223-234 690 
Nie Y, Swaisgood RR, Zhang Z, Hu Y, Ma Y, Wei F (2012) Giant panda scent-marking 691 
strategies in the wild: role of season, sex and marking surface. Anim Behav 84:39-44 692 
Owen-Smith N, Ogutu JO (2013) Controls over reproductive phenology among ungulates: 693 
allometry and tropical-temperate contrasts. Ecography 36:256-263 694 




Pigozzi G (1990) Latrine use and the function of territoriality in the European badger, Meles 697 
meles, in a Mediterranean coastal habitat. Anim Behav 39:1000-1002 698 
Poduschka W, Wemmer C (1986) Observations on chemical communication and its glandular 699 
sources in selected Insectivora. In: Duvall D, Müller-Schwarze D, Silverstein RM (eds) 700 
Chemical Signals in Vertebrates 4. Springer, Boston, MA, pp 609-616 701 
R Core Development Team (2019) R: A language and environment for statistical computing. R 702 
Foundation for Statistical Computing, Vienna, Austria, https://www.R-project.org 703 
Rafiq K, Jordan NR, Meloro C, Wilson AM, Hayward MW, Wich SA, McNutt JW (2020) Scent-704 
marking strategies of a solitary carnivore: boundary and road scent marking in the leopard. Anim 705 
Behav 161:115-126  706 
Rich LN, Miller DAW, Robinson HS, McNutt JW, Kelly MJ (2016) Using camera trapping and 707 
hierarchical occupancy modelling to evaluate the spatial ecology of an African mammal 708 
community. J Appl Ecol 53:1225-1235 709 
Rich LN, Miller DAW, Robinson HS, McNutt JW, Kelly MJ (2017) Carnivore distributions in 710 
Botswana are shaped by resource availability and intraguild species. J Zool 303:90-98 711 
Roberts SC, Lowen C (1997) Optimal patterns of scent marks in klipspringer (Oreotragus 712 
oreotragus) territories. J Zool 243:565-578 713 
Rosell F (2001) The function of scent marking in beaver (Castor fiber) territorial defence. PhD 714 
Dissertation, Norwegian University of Science and Technology 715 
Ruibal M, Peakall R, Claridge A (2011) Socio-seasonal changes in scent-marking habits in the 716 
carnivorous marsupial Dasyurus maculatus at communal latrines. Austral J Zool 58:317-322 717 
33 
 
Sherwin CM, Christiansen SB, Duncan IJ, Erhard HW, Lay Jr DC, Mench JA, O’Connor CE, 718 
Petherick JC (2003) Guidelines for the ethical use of animals in applied ethology studies. App 719 
Anim Behav Sci 81:291-305  720 
Sneddon IA (1991) Latrine use by the European rabbit (Oryctolagus cuniculus). J Mammal 721 
72:769-775 722 
Smith JE, Kolowski JM, Graham KE, Dawes SE, Holekamp KE (2008) Social and ecological 723 
determinants of fission-fusion dynamics in the spotted hyena. Anim Behav 76:619-636 724 
Smith JE, Powning KS, Dawes SE, Estrada JR, Hopper AL, Piotrowski S, Holekamp KE (2011) 725 
Greetings promote cooperation and reinforce social bonds among spotted hyenas. Anim Behav 726 
81:401-415 727 
Stewart PD, Macdonald DW, Newman C, Cheeseman CL (2001) Boundary faeces and matched 728 
advertisement in the European badger (Meles meles): a potential role in range exclusion. J Zool 729 
255:191–198 730 
Theis KR, Schmidt TM, Holekamp KE (2012) Evidence for a bacterial mechanism for group-731 
specific social odors among hyenas. Sci Rep 2:615 732 
Tilson RL, Henschel JR (1986) Spatial arrangement of spotted hyena groups in a desert 733 
environment, Namibia. Afr J Ecol 24:173-180 734 
Torgerson TJ (2014) Latrine site selection and seasonal habitat use of a coastal river otter 735 
population. MSc thesis, Humboldt State University    736 
Trinkel M, Fleischmann PH, Steindorfer AF, Kastberger G (2004) Spotted hyenas (Crocuta 737 
crocuta) follow migratory prey. Seasonal expansion of a clan territory in Etosha, Namibia. J 738 
Zool 264:125-133 739 
34 
 
Trombulak SC, Frissell CA (2000) Review of ecological effects of roads on terrestrial and 740 
aquatic communities. Conserv Biol 14:18-30 741 
Tuyttens FAM, Long B, Fawcett T, Skinner A, Brown JA, Cheeseman CL, Roddam AW, 742 
Macdonald DW (2001) Estimating group size and population density of Eurasian badgers Meles 743 
meles by quantifying latrine use. J Appl Ecol 38:1114-1121  744 
Valavanis-Vail S (1954) Leontief’s scarce factor paradox. J Polit Econ 62:523–528 745 
Van Dyck H (2012) Changing organisms in rapidly changing anthropogenic landscapes: the 746 
significance of the ‘Umwelt’‐concept and functional habitat for animal conservation. Evol Appl 747 
5:144-153 748 
Vitale JDT (2018) The olfactory behavior of spotted hyenas (Crocuta crocuta) and sympatric 749 
mammals in the Okavango Delta, Botswana. PhD dissertation, University of Nottingham    750 
Wey T, Blumstein DT, Shen W, Jordan F (2008) Social network analysis of animal behavior: a 751 
promising tool for the study of sociality. Anim Behav 75:333-344 752 
Wilson BH, Dincer T (1976) An introduction to the hydrology and hydrography of the Okavango 753 
Delta. Botswana Society, Symposium on the Okavango Delta and its Future Utilisation, 754 
Gaborone, Botswana, pp 33-48 755 
Woodroffe GL, Lawton JH, Davidson WL (1990) Patterns in the production of latrines by water 756 
voles (Arvicola terrestris) and their use as indices of abundance in population surveys. J Zool 757 
220:439-445 758 
Worton BJ (1989) Kernel methods for estimating the utilization distribution in home-range 759 
studies. Ecology 70:164-168 760 
35 
 
Zhou Y, Chen W, Buesching CD, Newman C, Kaneko Y, Xiang M, Nie C, Macdonald DW, Xie 761 
Z (2015b) Hog badger (Arctonyx collaris) latrine use in relation to food abundance: evidence of 762 
the scarce factor paradox. Ecosphere 6:19 763 
Zhou Y, Chen W, Kaneko Y, Newman C, Liao Z, Zhu X, Buesching CD, Xie Z, Macdonald DW 764 
(2015a) Seasonal dietary shifts and food resource exploitation by the hog badger (Arctonyx 765 
collaris) in a Chinese subtropical forest. Eur J Wildlife Res 61:125–133 766 
Zollner PA, Smith WP, Brennan LA (1996) Characteristics and adaptive significance of latrines 767 




Table 1 The number of latrines found during 18 transects driven in three blocks of the 770 
study area. Three road-side and three off-road transects were driven in each block)  771 
 772 
Transect type Number of marking 
sites found 
Block 
1 2 3 
Road-side Latrines 6 2 3 
 Single scats 1 1 0 
Off-road Latrines 1 0 0 




Table 2 Model averaged outputs from a Generalized Linear Mixed-effects Model (GLMM) 
with Poisson distribution investigating latrine size (number of scats) during 1123 visits to 
78 latrines. Outputs are from all models whose cumulative AIC weights were > 0.95 showing: a) 
Effect sizes and confidence intervals and b) AICc model weights for all models in the model set. 
Terms included in the model set were: Days since rain (i.e. onset of the current rainy season), 
Home range zone (Core/Territory = within 50% KUD, Overlap= beyond 50% KUD and within 
95% KUD), and year. 2014 and home-range overlap zone were the reference categories 
 (a) 
Term name    Estimate SE z CI (2.5-97.5%) P 
  
(Intercept)   2.353 0.137 17.217 (2.085, 2.621) <0.0001 *** 
Year 2014  0 0 0 0 0  
 2015  0.0406 0.0196 2.071 (0.011, 0.076) 0.0384 * 
  0.0317 0.00905 3.495 (0.014, 0.049) 0.000473 *** 
38 
 
Days since rain + 
Home-range zone Overlap  0 0 0 0 0  
 Territory 0.0397 0.140 0.283 (-0.313, 0.528) 0.777  
 
Days since rain x 
Home-range zone 
Territory  
-0.00097 0.00633 0.154 (-0.043, 0.025) 0.878   





df AICc delta weight 
 
Year+ Days since rain + Home-range zone 
 5 10837.42 1.77 0.24 
Year + Days since rain + Home-range zone + Days since rain x Home-range zone 
 6 10839.17 3.52 0.1 
Days since rain 
 3 10840.71 5.05 0.05 
Days since rain + Home-range zone 
 4 10842.48 6.83 0.02 





 3 10849.89 14.23 0 
Year + Home-range zone 4 10851.65 16 0 
 




Table 3 Model averaged outputs from a Generalized Linear Mixed-effects Model (GLMM) 
with binomial distribution investigating factors affecting the presence or absence of 
coprophagous beetles during 1123 visits to 78 latrines. Outputs are from all models whose 
cumulative AIC weights were > 0.95 showing: a) Effect sizes and confidence intervals and b) 
AICc model weights for all models in the model set. Terms included in the model set were: Days 
since rain (i.e. onset of the current rainy season), year, and scat count. 2014 was the reference 
category 
 (a) 
Term name  Estimate SE Z CI (2.5-97.5%) P 
 
(Intercept)  -5.9291 0.8491 6.977 (-7.595, -4.263) <0.0001 *** 
Year 2014 0 0 0 0 0  
 2015 -0.2379 0.3056 0.778 (-1.009, 0.099) 0.437  
Days since rain  -4.4699 0.6017 7.422 (-5.650, -3.290) <0.0001 *** 
42 
 
Scat count  -0.3354 0.8222 0.408 (-2.036, 1.305) 0.684  
Days since rain x Scat count  -0.4482 0.627 0.714 (-2.114, 0.317) 0.475   




Model (incl. term codes)  df logLik AICc delta weight 
Year + Days since rain + Scat count 5 -213.65 437.36 0.23 0.25 
 
Days since rain + Scat count + Days since rain x Scat count 5 -213.75 437.56 0.43 0.22 
 
Days since rain + Scat count 4 -215.01 438.06 0.93 0.17 
 





Table 4 Model averaged outputs from a General Linear Model (GLM) with Gaussian 
distribution investigating latrine visitation rates (visits per day). Outputs are from all models 
whose cumulative AIC weights were > 0.95 showing: a) Effect sizes and confidence intervals 
and b) AICc model weights for all models in the model set. Terms included in the model set 
were: Season (Wet=Nov-Mar, Dry=Apr-Oct), Home range zone (Core/Territory= within 50% 
KUD, Overlap= beyond 50% KUD and within 95% KUD). Dry season and home-range overlap 
were the reference categories. N=51 latrines 
(a) 
Term name  Estimate SE z CI (2.5-97.5%) P   
(Intercept)  0.42086 0.0452 9.12  <0.0001 *** 
 
Season Dry  0 0  0  




Home-range zone  Overlap  0 0  0  
  Core/territory 0.02061 0.0431 0.471 (-0.053, 0.169) 0.637   





(incl. term codes) df AICc delta weight 
Season (Dry) 3 -19.75 0 0.65 
 
Home-range zone (Overlap) + Season (Dry) 4 -18.55 1.2 0.35 
47 
 
Table 5 Model averaged outputs from a General Linear Model (GLM) with Gaussian distribution investigating latrine growth rates 
(average daily increase or decrease in scats over the monitoring period). Outputs are from all models whose cumulative AIC weights 
were > 0.95 showing: a) Effect sizes and confidence intervals and b) AICc model weights for all models in the model set. Terms included in 
the model set were: Season (Wet=Nov-Mar, Dry=Apr-Oct), Home range zone (Core/Territory= within 50% KUD, Overlap= beyond 50% 
KUD and within 95% KUD), and Visitation (hyena visits/day). Dry season and home-range overlap were the reference categories. N=51 
latrines 
(a) 
Term name   Estimate SE z CI (2.5-97.5%) P   
(Intercept)  -0.0047 0.0859 0.054 (-0.177, 0.167) 0.95729  
 
Season Dry 0 0 0 0   
 Wet -0.233 0.0818 2.785 (-0.398, -0.069) 0.00535 ** 







0 0 0 0   
 Territory 0.0243 0.0541 0.44 (-0.085, 0.201) 0.65982  
 
Season x VisitationRate 
Dry 
0 0 0 0   
 Wet 0.0136 0.162 0.082 (-0.654, 0.791) 0.93493  
 
Home-range zone x Season 
Territory/Wet 
-0.0069 0.0405 0.167 (-0.309, 0.151) 0.86713  
 
Home-range zone x 
VisitationRate 
Overlap 
0 0 0 0   
49 
 
  Territory 0.00406 0.0636 0.062 (-0.450, 0.596) 0.95038   
    




Model (incl. term codes) df AICc delta weight 
Season +  VisitationRate 4 -17.95 0 0.42 
 
Home-range zone + Season + VisitationRate 5 -16.4 1.55 0.19 
 
Season + VisitationRate + Season x VisitationRate 5 -15.5 2.45 0.12 
 
Home-range zone + Season + VisitationRate + Home-range zone x 
Season 6 -14.33 3.62 0.07 
 




Home-range zone + Season + VisitationRate + Season x 
VisitationRate 6 -13.87 4.08 0.06 
 
Season2 3 -12.93 5.02 0.03 
 
Home-range zone + Season 4 -12.22 5.73 0.02 
 
Home-range zone + Season + VisitationRate + Home-range zone x 





Fig. 1 The variation in the mean number of scats per latrine for 78 latrines, and the amount 
of rainfall, per month over a period of 27 months. The red line indicates total rainfall per 
month. Error bars indicate ± one standard error of the mean. Latrine data were not available for 
the months of January and February 2016 and are marked ‘NA’ 
 
Fig. 2 The seasonal variation in the mean number of scats per latrine based on territory 
designation. The vertical grey line indicates the mean last day of rainfall over the two wet 
seasons (2013-2014 and 2014-2015) 
 
Fig. 3 Violin plot showing median visitation by hyenas to 50 latrines in each season between 
2013-2015. Box boundaries show the upper and lower quartiles, whiskers represent the minimum 
and maximum values, and dots represent raw data points 
